Background: Migraine is a common headache disorder that affects mostly women. In half of these, migraine is menstrually associated, and ranges from completely asymptomatic to frequent pain throughout pregnancy.
Background
Migraine is a common headache disorder that affects approximately 12% of the world's population [25] . Although the condition is very common in both genders, its post-pubescent prevalence is about two to three times greater among women than men [7, 25] . More than half of women who suffer from migraine self-report a menstrual association of the condition [17, 28] .
Menstrual migraine (MM) is defined in the appendix of the International Classification of Headache Disorders 3 beta (ICHD 3 beta) [9] as attacks of migraine without aura occurring on day 1 ± 2 of the menstrual cycle in at least two out of three menstrual cycles.
The prevalence of MM varies from 4 to 70% according to previous studies [3, 10, 13, 21, 28] . This large variation can be explained by differences in the populations studied, ascertainment and the previous lack of uniform diagnostic criteria of menstrual migraine [28] . When the current diagnostic criteria are used, about one fifth of female migraineurs from the general population have MM.
According to previous population-based studies, the majority of female migraineurs experience an improvement in migraine symptoms during pregnancy, and a third of them even report complete remission [11, 14, 22] . The frequency of headaches and migraines decrease significantly during pregnancy, especially in the second and third trimester [6, 11, 22] and increase postpartum [22] . To date, few studies have reported the course of migraine during pregnancy specifically for women with MM [4, 14, 22, 23] and the results are diverging. Although some women experience decrease in the headache frequency or that migraines disappear during the pregnancy [11, 14, 22] , some may suffer throughout pregnancy. Assessment of headache frequency has been either retrospective or, in a few cases, prospective either using headache diaries [11] or repeated questionnaires [14, 22] . While clinically recruited populations may give opportunities for addressing clinical, migraine-related characteristics, they may not be representative for migraine in the general population of pregnant women [11, 12, 14, 22] .
The aim of the present study was to describe the changes in the frequency and intensity of migrainous headaches and analgesics use in female migraineurs with and without self-reported MM from a large and representative prospective birth cohort. In addition, we aimed to examine how hormonally-related factors such as premenstrual syndrome (PMS), menstrual pain, age at menarche, hormonal contraception, regularity of the menstrual cycle and maternal age may affect the intensity of migrainous headache during and after pregnancy.
Methods

Study population and study design
This study was part of the Akershus Birth Cohort (ABC) Study, which targeted all women scheduled to give birth at Akershus University Hospital, Norway. The hospital is located near Oslo, the capital of Norway, and serves a total population of approximately 400,000 individuals from both urban and rural areas; on average, 4000 women gave birth at the hospital each year during the study period. Women were recruited at the routine fetal ultrasound examination at pregnancy week 17, from November 2008 to April 2010. As part of the public health care program, this examination is free of charge to all women in the hospital's catchment area. Pregnant women who were able to complete a questionnaire in Norwegian were eligible for the Akershus Birth Cohort to ABC. An overview of inclusion, response rates and study sample is presented in Fig. 1 . Note that the sample sizes at the different time points may deviate somewhat from previous ABC publications due to small changes in the latest quality-assured data files released for research. At enrollment, 6244 women were present, of whom 1088 (17.4%) were excluded due to language difficulties and 342 (5.5%) women were not invited due to time constraints. Of the 4814 pregnant women invited to participate, 4662 (96.8%) women gave consent and were included in the study. Data were collected by self-completed questionnaires in gestational weeks 17 (Q1) and 32 (Q2), and 8 weeks after delivery (Q3). The response rates were 80.3% (3744 of 4662), 81.1% (2931 of 3613), and 79.0% (2213 of 2801) for Q1, Q2 and Q3, respectively. In total, 1981 women returned all questionnaires and comprised our baseline sample, representing 42.5% of those included. Out of the 1981 women, 338 (17.1%) had active migraine, of which 58 were excluded due to chronic headache. This resulted in a final study sample of 280 women, of which 52 (18.6%) had self-reported MM and 228 (81.4%) had non-menstrual migraine (nMM) (Fig. 1) .
Women included in the study were older (full cohort: median, IQR: 30.7 (27.2-34.2) vs. study sample: median, IQR: 31.4 (28.5-34.9); P = 0.003), and had a higher education (full cohort: 58.8% vs. study sample: 65.4% vs.; P = 0.03), compared to those in the full cohort.
Additional information was obtained by linkage to the hospital's electronic birth record. The birth record is completed by the hospital staff members and contains sociodemographic and medical information.
Maternal characteristics
An overview of the relevant variables describing maternal characteristics is presented in Fig. 2 .
Migraine characteristics
The first questionnaire included specific questions about life-time ("Have you ever had migraine?") and last yearprevalence ("Have you had migraine during the past year?") of migraine. This enabled us to group the women into three mutually exclusive categories according to self-reported migraine status: no migraine history ("never had migraine"), previous history of migraine ("had migraine, but not during the past year"), migraine in the past year ("had migraine during the past year") defined as "active migraine". Women were asked whether their migraine was menstrually-related or not. The migraine was categorized as menstrual migraine (MM), if migraine was present in at least 2/3 of menstruations [9] . The remaining cases were categorized as having nMM. Women with chronic headache, i.e. reporting more than 14 headache days per month before pregnancy, were excluded because it is impossible to judge whether their migraine attacks occurring perimenstrually occurs by chance or represents "true" menstrual migraine attacks. Information was also collected about headache frequency (days/month) in Q1, Q2, Q3 and categorized as: 0 day, 1 day/month or 2-14 days/month. Headache intensity was measured in all three questionnaires by a numeric rating scale (NRS) from 0 (no pain) to 10 (greatest pain imaginable).
Analgesic use
Women were specifically asked about use of drugs within seven categories -drugs for headache, migraine, non-headache pain, insomnia, anxiety, depression and other psychotropic medications. For each medication group, the women could tick yes or no as to whether she used a drug, and fill in the name of medication. The three questionnaires covered different periods of use -including the preceding three months before pregnancy and beginning of pregnancy until week 17 (Q1), week 17 to 32 (Q2), and the last part of pregnancy from pregnancy week 33 until 8 weeks postpartum (Q3). In the current study, use of analgesics for headache and migraine medication were combined and categorized into two categories: 'no headache analgesics use' or 'headache analgesics use'.
Other factors
Questions related to menstrual cycles and other menstrually related symptoms were asked: regularity of menstrual cycle before pregnancy (irregular/normal), menstrual pain (NRS 0-10) and age of menarche. PMS was assessed through questions of whether the participants experienced depression before menstruation (no/yes) and if it disappeared once the menstruation began (no/yes). Those women were considered as having PMS, who gave positive answer to both questions. In addition, information about hormonal contraception before pregnancy (no/yes) and breastfeeding after pregnancy (no/yes) was collected. Included socio-demographic and life-style characteristics and some other factors that may influence migraine were as follows: maternal age, education (primary/secondary school vs. higher education) and parity (nulliparous versus multiparous).
Statistics
The analysis of the data was performed by descriptive statistical analysis; percentage distribution, mean and standard deviation (SD), median and interquartile range (IQR) are shown. The Chi-square (χ 2 ) test was used to test differences of the distribution of categorical variables. Normality of continuous variables was tested on Q-Q-plot and by Shapiro-Wilk and Kolmogorov-Smirnov test. The Student t-test was used to compare means of continuous, numerical variables, when the normality assumption was satisfied; otherwise Mann-Whitney U test was used.
For trend analysis, a Generalized Estimating Equations (GEE) were used. The correlation structure was assumed to be of an ' AR1' type -more details about the GEE analysis has been published before [26] . The results of the analysis regarding the relationship between pain intensity (NRS) during the pregnancy and MM, are presented as unadjusted and adjusted regression coefficients (β coefficient) and with 95% Confidence Intervals (CIs). Data are adjusted for parity, hormonal contraception and education, since education and parity were significantly associated with menstrual pain, while hormonal contraception was associated with irregularity of the menstrual cycle. The PMT and the age of menarche were not included into the full model, because none of these factors were associated with the factors included into the GEE analysis. Age was included as explanatory variable. Data analysis was based on the data of 263 participants. The effect of breast feeding on the MM and intensity of pain due to migrainous headache were analyzed separately in the last period of the study (8. weeks after delivery). Multicollinearity was detected by variance inflation factor analysis (VIF).
Significance limit was set as P < 0.05. All statistical analyses were performed by using the Statistical Package for STATA (Stata version 14.0; College Station, TX, USA).
Results
Characteristics of the study sample
Pregnancy-related and demographic characteristics of the studied population are shown in Table 1 . There were no significant differences according to the studied factors between the two groups (MM, nMM). The average age of the participants was approximately 31 years (mean ± SD: 31.6 ± 4.6) and most of them had a higher education (65.4%). Few (8.3%) reported menstrual irregularities before pregnancy, while approximately 12% (12.2%) had used hormonal contraception before pregnancy. The occurrence of PMS was 25.0% among women and it did not differ between the MM and nMM groups ( Table 1) .
Frequency of headache Figure 3 shows the proportion of women with headache frequency of 1 day/month and 2-14 days/month. During and after pregnancy significantly fewer women had headache frequency one day/month while the proportion having 2-14 headache days/month was higher and increased in week 17. In late pregnancy, the proportion decreased from around 80% to 40% before it increased again post-partum. Proportions of headache-free patients for MM were at pre-pregnancy, early pregnancy, late pregnancy and post-partum, respectively 4.0%, 3.8%, 42.3% and 13.7%, while headache-free patients for nMM were 8.8%, 7.1%, 40.4% and 16.5% at the same time points.
No significant differences could be detected between the MM and nMM groups. However, the number of headache days/month tended to be higher among those with MM during the whole study period than among nMM (Fig. 3) .
Frequency of analgesics use
More than 80% (87.8%) of the participants used analgesics before pregnancy and this proportion decreased during pregnancy. However, more than 50% of the participants (58.4%) used analgesics up to week 17, and over 20% (23.9%) up to week 32. Analgesics use then stabilized 8 weeks after birth. There was no significant difference between MM and nMM during pregnancy with regard to analgesics use. A tendency towards a more drastic fall in analgesics use in MM was noted (Fig. 4) .
Migrainous headache intensity
The headaches intensity (NRS) showed a decreasing trend during pregnancy with an increase post-partum.
Significant differences between the two groups (MM vs. nMM) could be detected on pregnancy week 17, when pain intensity appeared to be higher among those with MM (MM: median: 7 (IQR: 6-8; mean ± SD.:7.02 ± 1.75) vs. nMM (nMM: median: 6 (IQR: 5-8; mean ± SD.: 6.21 ± 1.90; P = 0.008). A nearly significant difference in the same direction was found also post-partum (MM: median: 5 (IQR: 4-6; mean ± SD.:4.84 ± 1.24 vs. nMM: median: 4 (IQR: 4-5; mean ± SD.: 4.53 ± 1.33; P = 0.054) (Fig. 5 ).
Trend analysis
The results of the GEE analysis is shown in Table 2 . The migraine status (nMM vs. MM), menstrual cycle regularity, menstrual pain and analgesics use were positively related to the pain intensity (NRS) in both, unadjusted and adjusted analysis. Conversely, the progressive time period during pregnancy was negatively correlated to the Fig. 4 Analgesics use before, during and after pregnancy. Data shown represents that of Mentrual (MM) and Non-Menstrual Migraine (nMM) groups. Before pregnancy: 9 missing values; Week 17: 11 missing values; 8 weeks after delivery: 1 missing value; % users in each group with 95% CI: Confidence Interval. Analgesics: paracetamol, NSAIDs, opioids and triptans (used for either migraine or headache) pain intensity in both analyses. Maternal age, parity, education and previous use of hormonal contraception showed no significant relationship with pain intensity, either in the unadjusted or in the adjusted analysis. While education and parity showed significant association with the menstrual pain, hormonal contraception showed association with the regularity of the menstrual cycle (data not shown).
MM nMM
Breastfeeding showed no significant association either with the migraine status or the pain intensity due to headaches post-partum (data not shown).
Discussion
Main findings
We found a similar pre-pregnancy prevalence of MM among female migraineurs compared to other Scandinavian studies [13, 21, 28] . Headache frequency was high among both MM and nMM before pregnancy and during early pregnancy, while both groups improved during later parts of pregnancy with a slight worsening again during the post-partum period. The women with selfreported MM had more severe headache pain during first half of the pregnancy and directly post-partum, but Adjusted for maternal age, parity, hormonal contraception, education; P-value< 0.05 were considered as statistically significant headaches followed a more similar pattern during pregnancy. Other menstrual related factors such as PMS, hormonal contraception before pregnancy and age at menarche were not associated with headache intensity, while irregular menstruation was.
Strengths and limitations
The strength of this observational study is its large, prospective sample size and representative population-based cohort of pregnant women likely to be seen and treated by GPs or obstetricians. Another strength is the use of the detailed questionnaire and that self-reported migraineurs were identified using validated questions [20] .
Moreover, other, menstrual-or hormone related health issues and their fate during pregnancy could be targeted. Such phenomena could thus be compared to migraine and add a dimension not previously addressed.
The ABC study had a high response rate. For the present study, however, we required women to have responded to all three questionnaires, which represent only 42.5% of all study participants. A comparison of these women with the full cohort population indicates that the women in our sample were older and had a higher education, indicating higher socioeconomic status. The aim, however, was not to estimate the occurrence of these factors in the population, but rather the strength of associations between them. This should be considered when interpreting the results.
Nevertheless, the prevalence and migraine pattern during pregnancy described here are likely to be more representative of the general population of pregnant women than samples selected from headache clinics. We did not have the possibility of performing a clinical examination and full headache interview of the women. Also, even though the study was designed as a prospective study, information about migrainous headache before pregnancy was collected retrospectively, thus making recall bias a possibility.
All women who reported migraine occurrence in at least two out of three menstruations were classified as MM. The gold standard for diagnosing MM is a prospective headache-and menstruation diary ( [9, 27] . Such a diary would have enabled a more exact evaluation of the pre-pregnancy menstrual relationship. However, this study relied upon the women's self-report, as they were included only at week 17 of pregnancy. Thus, there is a lack of exact information about the timing of migraine attacks in relation to the first day of menstruation, and possibility for positive and negative misclassification within the two groups (nMM and MM). Furthermore, the differences between those with and without MM may have been clearer if such a specific diagnosis could have been made.
Interpretation
The prevalence of self-reported MM among women with migraine was 18,6% in the present study, which corresponds well with the prevalence of MM in other Scandinavian studies [13, 21] , and especially with a previous study from the Norwegian general population in the same age group [28] .
The characteristics of migraine through pregnancy and the immediate post-partum period which we have demonstrated here also correlates well with that from previous studies [2, 6, 10, 11, 14, 15] . We demonstrate improvement for most subjects regarding the number of headache days per month, intensity of headaches, and analgesics use. The present study, however, suggested an initial increase in the proportions of women with frequent headaches during the first half of pregnancy, although this increase was slight (Fig. 3) , and thus differs from most other studies. However, the same pattern has been suggested in a previous population-based Norwegian study [1] . That general population-based study did not differentiate between MM and nMM. The present study suggests a higher headache intensity for MM in the earlier parts of pregnancy and post partum but, for both types, a high headache occurrence, especially for those with more frequent headaches, among both groups during early pregnancy. Due to the lack of detailed clinical descriptors, we cannot know whether all headaches responsible for this apparent initial increased frequency were all migrainous headaches, or if tension headaches dominated some days. Our findings of a high headache intensity during this period seem to suggest a dominating migrainous headache. No significant difference could be detected regarding the frequency of migrainous headaches during the study period between the two studied groups. A recent systematic review penetrates the literature on the presence of various headaches during pregnancy, including migraine in general, and emphasizes the importance of differential diagnosis of pregnancy headache, but does not address menstrual and nonmenstrual type specifically [16] .
The intensity of migrainous headaches showed a decreasing tendency during pregnancy, with a small postpartum increase, which is in line with the results from the GEE analysis. Three recent studies have described the characteristics of migrainous headaches during pregnancy and childbirth prospectively [2, 11, 15] . Melhado et al. and Allais et al described a subjective change in characteristics (improved, unchanged or worse) [15] , while the diary study of Kvisvik et al described characteristics only from mid pregnancy onwards and headache intensity only during the post-partum period [11] . The pattern from these studies, however, seem to support our data with a define improvement only during later parts of pregnancy [2, 15] and a worsening again postpartum [11] .
MM was positively associated with headache intensity during pregnancy, which contrasts with previous studies [4, 14, 19] There was also a positive association between pain intensity during pregnancy and self-reported menstrual pain before pregnancy. The latter was true even if results were adjusted for whether the migraine type is MM or nMM. This would seem to support a general effect on pain sensitivity over the menstrual cycle among some of the women which is associated with the intensity of migrainous headache during pregnancy. Such a general pain sensitivity mechanism affecting both migraine presumed to be hormonally related (MM) and migraines which are less hormonally influenced (nMM), would be expected to give a similar change pattern during pregnancy with other headaches such as tension type headache, as has been shown in other studies [2, 15] . The mechanisms behind such an association may be hormonally independent but remain to be explored.
According to the systematic review published by the World Health Organization (WHO, 2004) and data from some developing countries, the prevalence of irregular menstrual cycles was between 5 and 16% in the general population. Spierings and Padamsee et al. also found similar results; the prevalence of irregular menstrual cycles occurred in 16.7% of the migraine population [24] , which depended on the definition used for irregular menstrual cycle. The latter study fits partly with our results, though we found a lower prevalence of irregular menstrual cycles of about 8% (47% of these women had received hormonal contraception). Though our results show irregular menstrual cycles have no significant association with MM (data not shown), the menstrual cycle was strongly associated with pain intensity due to headaches even after adjustment for hormonal contraception (Table 2 ). This suggests that other factors, related to the irregular menstrual cycle may affect pain intensity due to headache [18, 24] .
Dean et al. reported a prevalence of PMS of 19-30% [5] , which is in line with our prevalence of PMS being 25% in the studied population. In our analysis, no association could be detected between the migraine status and PMS.
Despite the importance of medication safety during pregnancy, a high proportion of women consumed analgesics due to migrainous headache during pregnancy and although this decreased during the pregnancy, it remained relatively high in the second-(60%) and thirdtrimesters (20%). Decreased use of headache analgesics during pregnancy may be explained either by an improvement in headache with a consequent reduced need for analgesics, or by a reduction in analgesics intake despite pain due to fear of foetal damage or based on direct advice from others. The remaining, considerable analgesics use in the early part of pregnancy may have several possible explanations. Some women may not initially have been aware of being pregnant and therefore continued their pre-pregnancy analgesic use though by at ultrasound at week 17, most would, naturally, be aware of their pregnancy status. Another possibility, which our data on headache frequency and intensity partly seems to support, is that the headache at this time point has not yet started to improve, and may for some even have worsened, leading to high requirements for analgesics. Also (or alternatively) a switch from more migrainespecific, effective medication perceived to be risky during pregnancy, to less effective, safer medications such as paracetamol could also contribute. The latter is supported by our previous data on specific analgesics use from the same material [8] . This study shows that for women afflicted by migraine during pregnancy, triptan and NSAIDs use falls drastically while paracetamol increases at the beginning of pregnancy. For women who did not experience migraine during pregnancy, this pattern was not seen [8] .
Conclusions
Women with MM reported higher headache intensity during early pregnancy and postpartum compared to women with nMM. Both groups improved significantly during the second half of pregnancy and immediately post partum. Hormonal factors and PMS did not affect frequency of headaches, but may affect the headache intensity during pregnancy in female migraineurs. We suggest that an individual treatment plan for migraines during pregnancy is needed especially for those women with the highest symptoms load. 
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